The gray renewal GM (1,1) landslide prediction model was established by improving the gray model. Based on the established model, the author has made prediction of landslide deformation to the Xiangjiapo landslide and the Lianziya dangerous rock body. The results show that the gray renewal GM (1,1) model can supplement the new information in time and remove the old information which reduces the meaning of the information because of time lapse. Therefore, the model is closer to reality.
Introduction
Landslide prediction research has started from the 1960s, and has now become a hot topic in landslide research. Due to the complexity of the landslide problem, landslide time prediction is still a worldwide problem. In these recent years, domestic and foreign experts and scholars in the landslide forecast theoretical research and practical work in the geotechnical engineering field have done a lot of work, and achieved remarkable results [1] [2] [3] [4] [5] , for disaster prevention and mitigation played a role. But many studies are still in the exploratory research phase.
There are many ways to forecast landslides, although the methods have their own unique, but there are corresponding shortcomings and deficiencies. The gray system analysis method has a good applicability for the incomplete or incomplete information. The GM (1,1) model has been widely used in landslide prediction [6] [7] [8] . In this paper, renewal gray GM (1,1) model is used to forecast the landslide, and the prediction accuracy is obviously improved. Renewal gray GM (1,1) model is superior to the GM (1,1) prediction model by the model accuracy test.
Conventional Gray GM (1,1) Model Principle [9] [10]
Assuming that the original number as
According to the gray system theory on the original sequence of first-order accumulation (1-AGO) generated, the resulting column is:
x k can be calculated using the following formula:
The differential equation of the albino form of the system prediction model GM (1,1) is expressed as:
Assuming that T , a a b = , then identification a can be calculated by the following formula ( )
where 
The simulation value is expressed as
Gray Metabolism GM (1,1) Model Principle
In the conventional GM (1,1) model modeling, the past data from the real time t n = is used. However, the development of any gray system, with the passage of time, will continue to have some random disturbance factors into the system, so that the development of the system affected. Therefore, with the conventional GM (1,1) model, the higher accuracy is only a few recent data, farther away from reality, the weaker the prediction. In order to reflect the impact of the future random disturbance on the gray system and improve the prediction accuracy, the GM (1,1) model is grayed out.
In the original data
, the latest information
is placed and the oldest information
The model established according to the above steps is the gray metabolic GM (1,1) model, and a series of prediction data is obtained at the same time.
Accuracy Test
The accuracy of the gray prediction model is usually checked by the posterior difference method. The model accuracy is evaluated by the mean square error ratio and the small error probability. The smaller the mean square error ratio and the smaller the probability of small errors, the higher the accuracy of the prediction model. The basic method is as follows: assuming
for the original sequence,
for the GM (1,1) model simulation sequence,
Respectively, the mean of 
S is the residual variance, and C is the mean square deviation. The mean square error ratio C and the small error probability p are calculated from
The accuracy of the model is shown in Table 1 .
Model Application Example

Xiangjiapo Landslide
In order to test the actual prediction effect of the gray metabolic prediction model, Xiangjiapo landslide data were used to predict. The landslide is located in It belongs to mixed rock and rock landslide. The rock mass structure is loose, the water content is high, unstable and easy to deform.
The highway landslide monitoring information see the literature [11] , displacement measured in Table 2 . According to the data, it can be seen that the time series of landslide deformation has obvious increasing trend and obvious nonlinearity. Therefore, the renewal GM (1,1) model can be used to predict the displacement of JB5. The prediction results are shown in Table 3 . The accuracy of the model is shown in Table 4 .
Model 1 is the predicted value using t = 1, 2, 3, 4, 5, and 6 weeks. Model 2 is the predicted value using t = 2, 3, 4, 5, 6 and 7 weeks. Model 3 is the predicted value using t = 3, 4, 5, 6, 7, and 8 weeks. As can be seen from Table 3 , t = 9 weeks of the relative error from 32.89977% gradually reduced to 6.126906%. It can be seen from Table 4 that the accuracy of model 1 is two, and the accuracy to model 3, indicating that the accuracy of the model is gradually increasing. It can be seen that the gray renewal GM (1,1) model is used to predict, because the system constantly update the modeling data, remove the old data, so that the system's prediction accuracy has been improved, gradually close to the measured value.
Lianziya Hazardous Rock Masses
The rock masses is located in the south bank of the Xiling gorge in the Xintan [12] from december 1978 to december 1985, the monitoring data were predicted.
Gray renewal GM (1,1) model for GA monitoring point displacement change prediction results in Table 5 . has high prediction accuracy, but also has strong self-adjustment ability. It can adjust the model parameters with the new data, and reflect the evolution direction of the system in time prediction.
Conclusion
Based on the data of GA point deformation data of Xiangjiapo landslide and Lianziya hazardous rock masses, this paper uses the gray renewal GM (1, 1) model method to predict the landslide. The results show that the gray metabolic GM (1,1) model can supplement the new information in time and remove the old information which reduces the meaning of the information because of time lapse. Therefore, it can reflect the current characteristics of the system. The model is closer to reality. The method has high accuracy, the prediction results can be used to guide the construction site, to achieve the dynamic management of landslide management, and application prospects are very broad.
